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SUMMARY

Fluid-dynamics studies were made of simplified model fuel tanks
mounted on a mechanism that simulated a wing undergoing torsional oscil-
lations of a few degrees. The tanks were munted as fo310ws: vertically
offset (pylon mounted) below the SLCLSof osciHation; inclined to the.
horizontal as in a climbing or diving attitude; and swept with respect
to the axis of oscillation as in a centrally mounted tank on a swept

& wing undergoing torsional oscillations. The effective moment of inertia
of the fluid was determined experimentally for the various tank con-
figurations over a tank-fullness range from empty to full smdwas es-
sentially unaffected by the oscillation frequency of the spring-inertia
~C system except when this frequency was near the lowest natural
fluid frequency because of its own wave motion. Comparisons of the

experimental and theoretical inertia solutions for full pylon-mounted
tanks and centrally nmunted swept-wing tanks showed good agreement.
Moreover, the theoretical solutions for full centrally mmnted swept-wing
tanks offer good engineering approxtitions for partially full conditions
because of tie small effect of tank fullness on the ratio of the measured
effective mcmsnt of inertia of the fluid to the ~ment of inertia of the
fluid considered as a solid. For partially full pylon-mamted tanks,
the ratio of the effective mxrent of inertia of the fluid to the nmment
of inertia of the solid was sr@2, and this inertia ratio increased
rapidly with tank fullness greater than 75 percent and approached the
theoretical values for the lCCkpercent-ful_ltank.

Studies of the effect of vertical, horizontal, and diffused baffles
in a pylon-mounted tank revealed that the effective moment of inertia of
the fluid was increased above that found in the unbaffled partially full
tank. It was also found that the diffused baffle distributed throughout
the interior of the pylon-mounted tanks produced high damping charac-
teristics for partially full conditions, whereas the use of the diffused
baffle in a partially full, centrally nmunted tad-cdid not produce high
damping characteristics.

w
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INTRODUCTION
●

●

For airplanes in which the mass of fuel carried in either internal
or external wing tanks is a large proportion of the total mass of the
wing, the complicated motion of the fuel within the tanks may cause
important djm.amiceffects that are of concern in flutter and in airplane
stability. In a flutter analysis, for example, it is generally recog-
nized that there may be a large error in the predicted flutter speed if
a large quantity of fuel in the tank is assumed to behave as a solid —

mass. It is therefore necessary to bow the effective values for the
inertial and damping properties of the fuel because of its complicated
motion relative to the tank boundaries.

—

Recent investigations of the effective values of the inertial and
damping properties of the fluid simulating fuel are reported in refer-
ences 1 and 2. Reference 1 is a study of the damping and effective .
weight of the fluid in various tanks undergoing vertical_trsrmlation
after instantaneous release. Reference 2 investigates the case of cen-
trally mourrtedtanks in a horizontal flight attitude which are undergoing ‘
pitching oscillations. The present investigation extends the work of
reference 2 to include studies involving pitching oscillations of tanks
oriented as follows: vertically offset (pylon mounted) below the axis
of oscillation; inclined to the horizontal as in a climbing or diving
attitude; and swept with respect to the axis of oscillation as in a cen-
trally mounted tank on a swept wing undergoing torsional oscillations of
a few degrees. Studies were also mde of the damping characteristics of
fluids on the spring-inertia systems of oscillation in the tanks in which
the baffles were distributed or diffused throughout the tank interior.

SYMBOLS

b half width of tank, in.

d tank offset distance measured from center of gratity, in.

g acceleration due to gravity, in./sec2

% damping factor based on logarithmic decrement for equivalent
viscous damping

h half height of tank, in.

hF mean height of free suxface of fluid above tank bottcm, in.
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effective pitching moment of inertia of fluid,

pitching moment of inertia of fluid considered
in-lb/sec2

axis of rotation for inclined tanks

torsional rigidity for solid section normal to

in-lb/6ec2

as a solid,

axis of rotation,

in.4

half length of tank,

mass, lb-sec2/in.

axis of rotation for

in.

offset tanks

distance from axis of rotation to center of gravity of fluid,
in.

axis of rotation for swept-wing tanks

longitudinal axis of tank

lateral axis of tank

angle of attack, deg

angle of sweep, deg

mass density, lb-sec2/in.4

angular frequency of tank oscillation, radians~sec

lowest angular frequency of fluid, radians/se~

pylon-offset ratio

fineness ratio

GENERAL AFPROACH TO PROELEM

The motion of fluid in an oscillating tank is a complicated physical
process that requires the consideration of effective or average values
of mass and moment of inertia of the fluid. The investigations herein
and in reference 2 found that, in most cases, the moment of inertia of
the fluid in a tank is less than the moment of inertia of a solid body
having the same -ss and occupying the same volume as the fluid at rest.
Thus, the fluid during oscillation is said to have an effective moment of
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inertia. This effective moment of inertia was determined for a given
tank fullness from a lmowledge of the torsional stiffness and the meas-
ured angular frequencies of a simple spring-inertia system.

The spring-inertia systems illustrated in figure 1 were oscillated
by means of a step release from the initial angular displacement. As
noted earlier, the effective moments of inertia of the fluid were
obtained from a lmowledge of the torsional stiffness and natural tor-
sional frequency of the system. A measure of the fluid damping behavior,
according to the concept of equivalent viscous damping, is provided by the
damping factor ~ which was determined from the logarithmic decrement

of the rate of decay of the oscillations following the step release.

MODELS AND APPARATUS

The geometric characteristics of the simplified tanks used in this

8

v

investigation and the essential features of the apparatus sre shown in.
figure 1. As can be seen, the apparatus consisted of simple spring- b
inertia systems in which the various tank configurationswere oscillated
about an axis through the center of the torsion spring. The torsion-
spring restraint was a steel rod. A range of frequency was obtained by
using any one of a series of rmis having different degrees of stiffness.
Water was chosen as the test fluid because its density was reasonab~
close to that of most fuels used in current aircraft and because the
effects of fluid viscosity have been shown to be negligible (see
refs. 1 and 2).

Pylon-Mounted Tanks

The tanks used to study the effect of pylon offset are designated
as rectangular tanks A, B, C, and D with fineness ratios of 1, 2, 3.5,
and 6, respectively (fig. l(a)); cylindrical tank E with fineness ratio
of 1.> (fig. l(b)); tank F, a l/2.8-sca~e model of tank E; and cyMndrf-
cal tank G with a fineness ratio of 6 (15 inches long and 2.5 inches in
diameter). The tanks were mounted as shown in figure l(c). The various
pylon–offset ratios d/h varied from O to 4.00. Tank A was used to
study the conditions of fluid resonance.

The effect of vertical, horizontal, and diffused baffles on the
inertia ratio IF/Is was investigated with tank E. The locations of
the circular vertical baffle and the rect~ horizontal baffle sre
indicated by the dotted lines in figure l(b). Both the vertical and
the horizontal baffles had no openings except for the slight clearances
between the tank walls and the baffles to permit the passage of fluid. :

.



NACATN 3353 3

- The diffused baffle, which consisted of rubberized hair cormnonlyused
in upholstery, was compressed slightly and distributed throughout the
tank interior. The effect of this baffle on the torsional damping

●

characteristics of the system was studied by using tanks E and G; the
tests on tank G were made for pylon-offset ratios ranging from O
to 3.33.

Centrally Mounted Tanks

In order to determine the effects of the angle of attack and angle
of sweep on the effective moment of inertia of the fluid, the tanks
were oriented as shown in figures l(d) and l(e) so that the center of
the torsion spring passed through the center of the tank. Tanks B and
C were inclined at angles of attack of Oo, 30°, @, and 90° to sim-
ulate tip tank-emounted on an umswept wing in various flight attitudes.
Tanks C and D were used in the angle-of-sweep appsratus to sinulate tip8
tanks mounted on 0°, 30°, 45°, and 600 swept wings in level flight. ‘

Effective

The theoretical
the liquid in full,

ANALYTICAL CONSIDERATIONS

Moments of Inertia of the Fluid for Full T!ankE

solutions for the effective moments of inertia of
ellipsoidal and two-dimensional rectangular tanks

oscillating in pitch about the tank center of gravity have been employed
in reference 2. In general, both of these solutions rest on fundamental
concepts of the potential-energy theory for incompressible fluids as set
forth by Lamb in reference 3, srticles 110 ~d 131. The solution for
the rectan- tank used in reference 2 is specifically based on a
relation established by Miles in reference 4 between the moment of
inertia of the fluid and the torsional rigidity of solid sections. This
relation may be stated as

(1)

where ‘Y is the torsional rigidity of the solid cross section in a

plane normal to the y-axis of rotation. The form of this expression
is essentially identical to that given in reference > on the basis of
a mechanical analo~ in which the fluid is replaced by a large fixed
mass, and an infinite number of small undamped systems of spring mas6
moving parallel to the bottom of the tads in a plane normal to the

6 y-axis or pitch axis. (Ccmpare eq. (1) with eq. (82) of ref. >.)
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The application of equation (1) to case6 in
tion is not a principal axis of the tank may be
of superposition as stated in both articles 110
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which the axis of rota- .

justifiedby the validity
and 131 of reference 3.

For the rotation axis vertically offset from the tank center of ~avity
.

(see fig, 1(c) for a pylon-mounted fuel tank), equation (1) becomes

or

I~o = I% + @ - 2@Jy

IFO 2PbJy
—.l-
lSO Isy + mr2

1

(2)

where the subscript o denotes the offfietaxis of rotation. Figure 2
presents a plot of this equation as applied to a rectangular tank of
length 27, depth 2h, and width 2b for a range of fineness ratio
Z/h and various pylon-offset ratios d/h.

The effective moment of inertia of the fluid in full swept-wing
tanks may also be calculated by applying the principle of
that is, by combining the effective moments of inertia of
about the principal X- ad y-axes

IFS = IFY COS2A + IFX sin2A

superposition;
the fluid

(3)

where t3 is the axis of rotation for the swept-wing tank. On the
basis of eq~tion (3), equation (1) may be written for rectangular tip
tanks mounted on a swept wing as

IF
4.1-

2P(bJyCOS2A+ ZJxsin2A

1s
s Isa

where Jx is the torsional rigidity of the rectangular

of the solid normal to the tank longitudinal axis, and

(4)

cross section

@s is the

moment of inertia of the solid about the s-axis of the tank. Note
that, when A . 90°, the axis of rotation coincides with the x-axis,
and the effective moment of inertia of the fluid for this particular
tank corresponds to a fineness ratio given by b/h. This equation is
plotted in figure 3 for angles of sweep from 0° to 60° for tanks B, C,
and D.
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Fluid-Resonance Considerations

For the partially full tank, the frequency of the spring-inertia
system used to determine the effective moments of inertia of the fluid
was sometimes close to the frequency of some mcdes of oscillation of the
fluid itself. In general, this fluid mode was characterized by wave
motions that amounted to small disturbances of the free surface. In
some cases the frequencies of oscillation were close to the lowest (or
fundamental) fluid frequency, which corresponds to a large, unbroken
wave motion involving nearly all the fluid. Such circumstmces were
identified as conditions near fluid resonance, which was established on
an analytical basis by means of the following expression:

“’E- (5)

.

.

where w is the lowest angular frequency of the fluid and hF is the

mean height of the free surface of the fluid above the bottom of the
tank. This frequency eqwtion is obtained from srticles 227 and 228 in
reference 3 and gives the fundamental frequency for the case of surface
waves in a rectangular tank in which both the vertical and the horizontal
motions of the fluid are involved.

RESULTS AND DISCUSSION

The results of this investigation are presented in tables I to VI.
The inertia ratios presented in tables 1, 11, IV, and V are average
values corresponding to the ranges of test frequency which were consid-
erably above the lowest resonance frequencies of the fluid. The effects
of ve~ical, horizontal, and diffused-baffles on the moments of tiertia
the fluid appear in table II. Table III shows the effects of frequency
nesr fluid resonance. Tables IV and V give the values of IF/~

obtained for centrally mounted swept-wing tanks at angles of sweep and
angles of attack, respectively. The damping factors for tank E are
given in tables I and II, and the damping factors for tsmk G are given
in table VI. The values of these damping factors are given as ranges
wherever more than one interpretation of the trends in the decaying
oscillation is possible.

Effect of l?requency

The present investigation covered a wider range of frequency than
that of reference 2 by extending into the region of fluid resonance.
The frequency range for tank A extended into this region, and an indi-
cation of the influence of frequency on the effective moment of inertia

of
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of the fluid for this tank may be seen in fi~e 4. The inertia ratios ●

liEted in table III are shown as functions of the frequency ratio based
on the calculated fundamental frequency of the fluid given by equation (5). ~
The large decreases in IFIIs for low values of u/q are attributed

to the nearness to fluid resonance. In cases where the angular frequency
of the spring-inertia system was close to the lowest angular fluid-
resonance frequency, ~ could be determined experimentally by oscil-
lating the system at constant amplitude, the energy being supplied
manually. An experimental value for ~ obtained in this manner for

tank A, 75 percent full, is given in table III. For all other tank con-
fi~ations studied, variations in frequency over a wide range did not
appreciably influence the effective moment of inertia of the fluid
because the values of u/% were generally greater than 3. It may be
of interest to note that the frequency ratios below thi8 value are gen-
erally of concern in problems of rigid-body stability.

.

Pylon-Mounted Tanks

As previously noted, inertia ratios computed by means of equation (2) ‘“
for full pylon-mounted tanks are shown in figure 2 for a number of pylon-
offset ratios and a wide range of fineness ratio. The following obser-
vations may be made from these curves: For low fineness ratios and very
small pylon-offset ratios, the effective moment of inertia of the fluid
is low as compared with the moment of inertia of the solid; however, as
the pylon–offset ratio becomes larger, the inertia ratio approaches
unity. Furthermore, as the fineness ratio increases, the inertia ratios
also approach unity and are not strongly affected by the pylon–offset
ratio; the effect is indicated by the convergence of the curves. Sev-
eral experimentalpoints for the tanks investigated sre shown in figure 2
for a pylon-offset ratio of 2.36. It can be seen that there is excellent
agreement of experimental data with theory for tanks B and C and accept-
able agreement for tanks A and D. Experimental points are also shown
for a pylon–offset ratio d/h = O and serve-to supplement the goml corre-
lation of experiment with theory shown for the centrally mounted case in
reference 2.

Effect of tank fullness.- Some typical experimental results for
partially full pylon-mounted tanks are shown in figure 5 in which the
ratio of fluid inertia to solid inertia is shown as a f~ction of tank
fullness. For the range of tank fullness from 25 to 75 percent full,
the inertia ratio was low and increased rapidly as the ratio approached
the theoretical value for the full-tank condition. These results indi-
cate that the usual application of the principle of superposition to
calculate IFO by means of a relation such as

lFO = IF + K#
Y

(6)
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. for partially full tanks would give erroneous
is a large loss of effectiveness in the fluid
of inertia of the solid. and this loss may be

9

answers. That is, there
as compared with moment
primarily in the transfer<

term mr2; if this is tiue, some effecti& ms; would ‘haveto be
used. The large increase in inertia ratio for conditions approaching
lCO percent full is attributed to the restrictions imposed by the tank
boundary on the motion of the free fluid surface. For fineness ratios
equal to or greater than 2 and for tanks 25 to 77 percent full, it should
also be noted that the inertia ratio remained essentially constant for
a given fineness ratio and increased with increasing fineness ratio for
a given tank fullmess.

Effect of pylon offset.- The effect of pylon offset on the inertia
ratio is presented in figure 6. The data for pylon offsets of 2.36 and
3.33 are shownas solid and dashed curves, respectively. As canhe seen,
the inertia ratio appears to decrease with increasing pylon-offset ratio

. for partially full tanks. Moreover, this effect apyears to be independent
of the fineness ratio which is indicated by the fact that the percentage
decrease-in-inertiaratio due to the increase in pylon offset is about

. the sane for both fineness ratios.

Effects of tank size ad shape.- In order to determine the effect
of t&k size, the l/2.8-scale model of taak E was tested over a wide
range of frequency. The comparison of the results of these tests (i.e.,
table I for tank F) with the data obtained for tank E indicates that the
effect of size on the inertia ratio may not be important for pylon-
momted tanks. A comparison of the data showm in figure 5 for the rec-
tangular tsmk of fineness ratio 2 with the data shown in figuxe 7 for
the unbtifled cyli.ndricsltsmk of fineness ratio 1.5 indicates that the
tsmk shape also appears to have a *or effect on the inertia ratio for
pylon-mounted tanks.

Effect of baffles.- Figure 7 shows the effect of baffles on the
inertia ratio for tank E over a complete range of tank fullness. For
purposes of comparison the data for the tank without baffles is also
included. As my be seen, all the baffles used tended to raise the
effective moment of inertia of the fluid h the partially full tank. Of
the three baffle configurations studied, the vertical and horizontal
baffle resulted In a large increase in the inertia ratio from 45 to
85 percent ftitiess, and the abrupt rise in the inertia ratio at ~ percent
fullness can be attributed to the fact that the fluid level for this con-
dition was coincident with the location of the horizontal baffle. It
may be noted that the effect of baffles on the inertia ratio was found
to be insignlficsat for the full-tank condition.
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Centrally Mounted Tanks
.

Effect of angle of sweep.- As previously noted, theoretical inertia
ratios computed by means of equation (4) for full tip tanks mounted on

~

a swept wing are shown in figure 3 for the rectangular tanks studied in
this investigation. Experimental points for tanks C and D (finenes8
ratios 3.5 and 6, respectively) shown in the figure are in good agree-
ment with the theory for angles of sweep from 0° to 45°. Moreover, as
can be seen, the effect of tank fullness is small. Thus, equation (4)
appesrs to offer a good engineering approximation of the effective
moment of inertia of fluids in centralJy mounted swept-wing tanks for
any fullness.

When swept-wing tanks are pylon mounted, it appears that the effect
of the ~lon offset overshadows the effect of the angle of sweep to such
a degree that the inertia ratio very closely follows the trends for offset
tanks as shown in figure 5.

Effect of angle of attack.- The effect of angle of attack on the
inertia ratio IF/Is for centrally mounted tanks is shown in figure 8.
As can be seen, the overall effect of angle of attack was SU1l. The
dips in the curves, particularly for the 25-percent-full condition, may
be due to the influence of the vertical component of
for a given angle of attack. Comparison of parts a,
shows that the effect of tank fullness for different
appears to be small..

the fluid inertia
b, and c of figure
angles of attack

.

w

8

Effect of Diffused Baffle on Damping Factor

While studying the effective moment of inertia of the fluid in pylon-
mounted tank E equipped with the diffused baffle, an unusual case of high
damping was encountered. This case was explored further by use of tank G
for pylon-offset ratios of d/h = O, 2.36, and 3.33, and the results are
shown in figure 9 in terms of the damping factor & as a function of

tank fullness. The curves were obtained from decaying oscillations
resulting from a ~tep release at approximately the same initial amplitude
in each case, and this amplitude was high enough to cause sloshing in
the unbaffled, centrally mounted tank. Each elongated data point indi-
cates the range of values of ~ given in table VI for a particular

condition of tank fullness and pylon offset.

As can be seen, the damping due to the -diffusedbaffle was ~eatly
increased in the partially full tank as the pylon-offset ratio was
increased. The maximum damping occurred for the approximately 75-percent-
full condition for pylon--offsetratios greater than d/h = O. (See
figs. 9(a) and (b); the large increase in ~ for d/h = 3.33 in t

fig. 9(a) is similar to that found for tankE at d/h = 2.85, table 11.)

.
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Q For the partially full, centrally mounted tank (d/h . O), the diffused
baffle had the effect of sharply reducing the damping as figure 9(c)
clearly shows. However,. as was pointed out in reference 2, the damping
of the fluid in unbaffled, centrally mounted tanks fncreases with the
amplitude of oscillation. At a lower initial amplitude, sloshing was not
present in centrally mounted tank G without baffles, and the damping
factor was essentially the same as that obtained with the diffused baf-
fle. we damping factor in the tanks with the diffused baffle appeared
to be independent of amplitude for all three pylon offsets. It should
also Be observed from these figures that, in all cases of high damping,
the value of ~ decreased rapidly as the extremes of tank fullness
were approached.

A reasonable explanation for this damping behavior is offered as
follows: For the pylon-mounted tank, the diffused baffle resists the
forward and rearward motion of the entire fluid and produces m amount

* of damping that is dependent on the pylon offset. The high damping in
the unbaffled, centrally mounted tank results from the sloshing action
of the fluid nesr the ends of the tank. When the diffused baffle is

. added, this sloshing is arrested and the damping is reduced.

The high damping charactmistics of the diffused baffle suggest
that this unconventional baffle might hold considerable promise for
pylon-mounted tank configurations. For example, undesirable oscillations
sometimes encountered in partially full ~lon-mounted tanks could be
heavily damped by use of a material similar to the rubberized hair used
in this investigation. This mterial occupied only about 3.5 percent
of the tank volume, and in addition, only about 3 percent of the total
amount of fluid was trapped in the hair. Thus, the usable capacity of
the tank was reduced by approximately 6.5 percent. L a 230-gauon
tank, this percentage would amount to a fuel penalty of about 15 gallons.
However, it may be possible to reduce this fuel penalty still further by
using a lighter less-absorbent mterial.

CONCLUSIONS

horn the results of these studies, the following conclusions appear
to be valid for conditions where the angular frequency of the spring-
inertia system with fluid is greater than about three times the lowest
angular frequency of the fluid itself:

1. In pylon-mounted tanks for a wide range of fullness up to 75 per-
cent, the ratio of the moment of inertia of the fluid to moment of inertia
of the solid is nearly comtamt for fineness ratios equal to or greater

J than 2 and considerably lower than it is for the full-tank conditions.

J
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The inertia ratio

75-percent-ftil to

NACATN 3353 .

IF/Is increases rapidly for conditions from

lCQ-percent-full tank for all fineness ratios.

2. For the offset tanks investigated, the effect of tank size and
shape on the ratio of the moments of inertia of fluid to solid ie small.

3. Raffles in partially full pylon-mounted tanks can cause signifi-
cant increases in the ratio of moment of inertia of fluid to solid.

4. Because of its high damping characteristics,the diffused baffle
distributed throughout the tsmk volume appears to be a promising means
of damping undesirable oscillations sometimes encountered on partially
full pylon-mounted tanks.

5. For the case of centrally mounted swept-wing tanks, analytical
solutions for the full-tank condition offer god engineering approxi-
mations of the effective inertia ratio for any tank fullness.

Langley Aeronautical Laboratory,
National Advisory C!otittee for Aeronautics,

Langley Field, Vs., October 4, 1954.
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TART&1.- IMIA OBTAINED FORPYLON-MOUWEO TANKS

Dat9for offi3etratioof -

Fineness!cank 2.36 5.33 4.00 2.% Da@ng
ank ratio, fullne60, factor,

l/h percent &
Ecequency Frequency Frequency Frequency

lFo/%o ~Brange, lFO/%o r~ ) ‘Fo/’So r~’) %./%O range,
CpB cpB

[

27 0.19 11.oto20.9 0.22 8.lto15.6 ---- ---------------- -----------------
.35 10.0to18.9

A 1
.T8 7.kto14.1 ---- ---------------- ---------------”-

$ .49 9.1to17.1 .52 6.7to12.8 ---- ---------------- ------------------
100 .% 7.7to14.7 .90 5.6to10.8 ---- ---------------- ------------ -----

{

25 .14 9.2t045.6 .@ 7.3to34.9 ---- ---------------- -----------------
50 .15 9.0to42.9 .14 7.1to33,8 ----

B 2
---------------- -----------------

75 .“18 8.8~042.0 .21 6.9to72.4 ---- ---------------- -------------
100

-----
.@ 7.1to53.4 .91 9,5to25.8 ---- ---------------- -----------------

[

29 .25 6,3t,.29.6 .17 5$4to27,5 ---- ---------------- -----------------
50 .25 6.2to28.8 .16 5,3to25.o ----

c 3.5
------------ ---- ------------ -----

75 6.ltO28.2 .16 5.2to24.5 ---- ---------------- ------------ -----
la) :G 4.8to22.3 .89 4.0to18.6 ---- ---------------- -----------------

{

25 .45 lo.5t020.6 .33 9,5to18.5 ---- ---------------- -----------------

6
.44 8.9%019.2 .52 9.1to17.4 ---- -------.-“-- ---- ------------ -----

D : .45 g.4t018.2 .33 8.6to16.7 ---- ---------------- -----------------
100 .91 7.5to14.6 .93 6.6toz.8 ---- ---------------- -----------------

{

0 ---- ---------------- --------------- ---------------- ------------o.m3
25 ---- ---------------- ----------- 0.10 8,1tou.6 o.12

1.5
1.o.8toI .4

?
.017

E 50 ---- ---------------- -----------.18 7.4tolo.y .18 10.0to1 .3 .018
77 ---- ---------------- -----------.28 6.7to 9.6 .27 9.1to2.8 .019
la) ---- ------------ ---- -----------.96 4,5to 6.5 .94 6.lto 8.6 .&

{

25 ---- ---------------- -----------.13 14.0tos6.1 .10 17.7~046.o -----
w ---- ---------------- -----------.19 13.4to54.8 .15 17.3-to44.7

F 1.5
-----

77 ---- ---------------- -----------.30 2.7 to32.5 .24 16.~to42.4 -----
lm ---- ---------------- -----------.94 9.9to25.6 .91 15.lto33.8 ---.-
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TABLE II.- EFFFSX OF IWTZES

cTank E; d/h . 2.%]

Type of Tank fullness, lFOI%O Frequency range, Damping factor,
baffle percent Cps &

i

25 0.22 5.3 to 9.9 -----
50 .36 4.7 to 8.5

Vertical
-----

75 ● 53 4.1 to 7.4 -----
100 .94 3.2 to 6.0 -----

I

25 .22 5.o to 9.6 -----
40 .29 4.8 to 8.8 -----

Vertical .@ 3.7 t07.2 -----
and $ 3.6 to 7.2 -----

Horizontal 75 :: 3.7 to 6.9 -----

90 .65 3.7 to 6.7 -----
100 .96 3.2-to 6.0 -----

[

0 --- --- 0.008
10.3 .52 .122
25.7 .45 ;:: .235

Diffused 51.5 .42 4.4 .2$’5’
77.2 .54 .399
93 .70 ;:: .2E14
100 .94 3.2 .017

n
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TABLE m.- EFFECT OF FREQUENCY

[Tank A; d/h .3 .3~

Tank fullness,
1

lFO 1S Frequency, -=
frequency ratio,

percent o Cp6 u~~

{

O.oa ;.:: 1.72
25 .230 4.23

.210 15:60 8.19

{

.095 3.22 1.48
50 .3i2# 7’.38 3.40

.3m 14.10 6.50

[

----- al.98 .88

75 .195 3.11 1.39
.520 6.70 2*99
.510 12.m 5.72

I

%easured at a frequency near fluid resonance.



‘Ineness

ratio,

Z/h

3.5

6

Tank

“ullne Bs

percent

-1

25
50
75
lco

{

25
50
75
la)

Eats for angles of sweep of -

I

lF~

G

o.~
.72
.68
.74

.88

.88

.83

.91

~o

I
y)o

I ,

19.6 to 38.3 0.70 21.4 to 41.7
18.6 to 36.6 .68 20.5 to ko.c
17.9 to 35.1 .68 19.7 to 38.5
17.0 to 33.4 .71 18.8 to 36,(

420 I 60°

lFS Frequency 1F6 Frequency

~
range, cps

~ range, cps

I I I

0.64 23.oto 43.0 0.56 25.0 to 49.;
.64 22.2 to 43.5 .56 2b.P to 48.3
.63 21.5 t042.2 .57 24.o @ 47.4
.67 20.7 to 40.2 .61 25,3 to4>.~

.85 14.6 to 28.2 .83 17.7 to 34.3

.83 15.5 to 26.1 .8+ 16.6 to 32.2

.& U2.5 to 2k.~ .@ 15.7 to 50.4

.88 IL.7 to 22.6 .85 14.8 to 28.6

( .
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TAHLZ V.- E?FECI!01’ANGLE OF ATIACK u ON CENTRAUY MOUN’JEDTANKS H

‘ineneBB Tank

ratio, mJ_lne6B,

l/h percent

{

25

2
%’
100

w

t!
u

Data for angles of attack of -

).50
.48
.44
.46

.73

.72

.68

4--
0°

FYequency lFi
range, CPS ~

18.8 to 49.1 0.%
18.0 to 47,5 .42
17.5 to 46,5 ,50
16.7 to 43.9 ,46

19.6 tO 38.3 .70
18.6 to 36.6 .75

17.9 to 55.1 .73

I

Frequency %

rmej w ~

19.1 tO 50.0 0.3E
18.3 to 48.o .51
17.5 to45.7 .49
16.7 t043.9 .46

9.5 tO 24.9 .6E
9.o to 25.4 .75
8.6 tO 22.5 .6P

1

I60°
Frequency lFL
range, Cpa

L-Ii

1

.9.0 to 49.5 0.33
L8.2to 47.1 .50
L7.8‘c046.2 ,48
L6.7 t043.9 .46

9.4 b 24.6 ,56
9.0 to 23.2 .74
8.8 to 25.0 .68

I

-----

90°

kequemy

range, CI?S

I

19.0 to 49.5
18.2 tO 47.1
18.0 to46.2
16.7 to 43.9

9.5 to 24.6
9.0 to 23.2

8.9 to 23.0
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TABLE VI. - DAMTING FACfORS ~ DETERMINED WITH DIFRJSEO BAFFLE AND W12!TEOUC PAFFLES

Damping factors & for offset ratios of -

Tank

IiLlness, o 2.36 3.33
percent

Without With diffused Without With diffused Without With diffused

baffle baffle baffle baffle baffle baffle

o 0.0Q9 O.o11 0.013 Ooo11 0.012 ‘0.0G9
25 .109 to .l@ .027 .047 to .W .071 .059 to .079 .101
m .109 to .189 .027 .07k to .110 ;0?: .059 to .071 .164
75 .064 to .091 .027 .035 to .ok9 .Opk .203
lcm .(X)9 .019 .009 .019 -010 .017

?
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Tank E

[b) CW+ndcr tark, Fheneas r0ti0,1,5.

(c) Fyh-m-mcuntM tcmk.
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(:
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FrM view /
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(e) Swept.wkq trek,

Figure 1.- Tank sbapea end dynmic system.
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IFO

%0
0.6

0.4

0.2

1A

d\h

2.36
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Effect of
full

Fineness ratio, t/h

fineness ratio on theoretical inertia ratios for
pylon-mounted rectam.gulartanks.
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c 3.5

0.6

B 2

0.4
—

~

— Theory

Tank fullness,
\

percent

0.2 0 25
❑ 50

$ 1%

I
o 10 20 30 40 50 60

A, &g

Figure 3.- Effect of sweep on inertia ratio for centrally mounted tanks.
Theoretical data were calculated for tanks with lCQ percent fullness.
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I.0

0.8

0.6

0.4 /

0.2 v

o 2 4 6 8 10

Figure 4.- Effect of frequency

u

~

on inertia ratio for pylon-mounted tank A.
d/h = 3.33*
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Figure 5.- Effect of tenk fullness on inertia ratio for pylon-mounted

.

o

tanks .
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I.c
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Fineness ratio
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❑ 6,1 Tank D

$ ~j~}Tank c

.

•1 1-7

—. ._
0

*

O- — —. _
+— ‘– * “

20 40 60 80 I00

Tank fullness, percent

Figure 6.- Effect of pylon offset on inertia ratio for pylon-mounted
tanks C and D.
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Figure 7.- Effect of-baffles on inertia ratio for pylon-mounted tank E.
d/h= 2.85.
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Figure 8.- Effect of a@e of attack on inertia ratio for
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(b) d/h = 2.36.
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0

(C) d/h = O (centrally mounted).
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Figure 9.- Effect

Tank fullness, percent

of diffused baffle on dampingfactor for tank G.
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